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FOREWORD

This report, prepared under the auspices of the U.S. National Committee on
Vital and Health Statistics, considers the needs for collecting statistics required in
determining the health effects of a broad variety of environmental conditions.
Although there is increasing public awareness of the importance of the
environment on the health status of the U.S. population, there has been no
systematic national effort to assess the problems. To meet this urgent need, this
report was commissioned by the National Center for Health Statistics, the central
health statistics collection unit for the Nation.

Kerr L. White, M.D.

Chairman

United States National Committee
on Vital and Health Statistics
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STATISTICS NEEDED FOR DETERMINING THE EFFECTS
OF THE ENVIRONMENT ON HEALTH

CHARGE TO CONSULTANTS

The past few decades have witnessed great
changes in the physical and chemical contam-
inants of the human environment and an in-
creasing recognition of the impact of both the
physical and social environment on the health of
human beings. Effects of environmental expo-
sures cannot be isolated from effects of demo-
graphic factors and such habits as smoking.
Therefore, studies of the effects of these changes
in the environment on the health of the popula-
tion have been inadequate to provide guidance
for policies affecting control and protection.

The consultants on the Technical Consultant
Panel to the U.S. National Committee on Vital
and Health Statistics will recommend which
statistical data on health effects of the environ-
ment should be collected, the ways in which
recommended data should be collected, and any
changes that should be made in the existing
measures of environmental factors in order to
relate better the environmental factors to the
health effects.

The consultants will consider the major
environmental contaminants known or sus-
pected to significantly affect health, and will
specify the nature of the health effects and offer
evidence relevant to such statements. In doing
so, the panel should consider such problems as
low levels of exposure over long periods of time,
variation in population susceptibility, interac-
tion and synergistic effects, delayed manifesta-
tions of effects over many years or even over
generations, the sequences of functional phys-
iologic and pathologic response, and contrasts of
exposure due to population mobility.

The consultants will review, for such en-

vironmental factors, the kinds of data now
available on health effects, specify the data and
analyses needed to estimate the health effects,
and indicate the methods by which the data
could be obtained in categories of methods such
as the following:

Analysis of routinely collected data on the
health of the population.

Special types of analysis which will aid in
detecting and monitoring health reactions.

Special surveys of occupational and other
exposed groups.

Disease registries in selected populations.

Monitoring of exposures and of health re-
actions.

Deficiencies of existing systems of measuring
exposure should also be noted.

Listed below are the types of conditions and
data that should be useful:

Relatively uncommon conditions with rel-
atively high specificity, e.g., mesothelioma in
relation to asbestos.

Relatively common conditions with poor
specificity—e.g., coronary heart disease in
relation to temperature, stress, or carbon
monoxide exposures.

Overall patterns of mortality and morbidity,
such as excess daily mortality, time of year
effects, urban-rural differences, and conse-
quences of migration.



Because of the wide variety of environ-
mental contaminants, the consultants may re-
strict their consideration to those with the more
deleterious health effects. When recommenda-
tions for collection of statistical data on health

effects have been prepared, priorities should be
assigned in terms of the probable frequency and
severity of the health effects in the population,
and the relevance of such data for control and
for prevention.

FINDINGS AND RECOMMENDATIONS

FINDINGS

Experience indicates that preventing those
environmental conditions that affect human
health is one of the most cost-effective strategies
for preventing disease and impairment.

A large but difficult to estimate portion of
the burden of such diseases as cancer and heart
disease can be attributed to environmental expo-
sures.

Occupational exposures to specific materials,
because they are usually more intense and better
defined than community exposures, can indicate
agents that negatively affect health in the
community—causing disease and impairing
health or performance.

Identification of relationships between
health and environmental conditions requires
extensive epidemiological analysis of health and
environmental statistics as well as the collection
of new relevant data.

Potentially useful health statistics are avail-
able, but are not fully applied to environmental
problems. Among these are occupation and
industry statements recorded on death certif-
icates, and data on industry and occupational
morbidity and mortality available from the
Social Security Administration, industrial orga-
nizations, and health care systems. Potentially
useful data concerning environmental exposure
are also available but are not fully linked to
health status information. Sources of such data
include the Environmental Protection Agency
(EPA), the National Institute of Occupational
Safety and Health (NIOSH), and the Food and
Drug Administration (FDA).

Local health planning activities, especially
those in health service agencies, need to evaluate
their environmental health programs and ac-
tivities on the bases of health statistics as well as
on environmental exposure data.,

RECOMMENDATIONS

The recommendations deal with several gen-
eral topics, as follows:

The role and responsibility of the National
Center for Health Statistics (NCHS) in re-
gard to environmental health statistics and
epidemiological studies of the environment
as it affects health.

The improvement and standardization of
statistical methods applicable to the study
and monitoring of environmental health.

The extension and broadening of NCHS’s
current survey procedures to include more
measures of environmental exposures.

The facilitation and performance of epidemi-
ological studies using available data.

The establishment of new data systems
specifically designed to collect information
about environmental effects on health.

The following are the specific recommenda-
tions made by the panel:

1. Establish a national death index to per-
mit determination of whether members
of a cohort of persons of known environ-
mental exposure have died, and if dead,
where and when the death occurred.

2. Formally recognize the epidemiologic
responsibilities and substantially
strengthen the epidemiologic capability
at NCHS; some specific responsibilities
of such a program are

2.1 Plan and carry out epidemiologic
analyses of data obtained by the
Center or other agencies concerned
with the environment.




2.2 Plan, conduct, and demonstrate the
usefulness of epidemiologic mon-
itoring for prevention of unfavorable
health effects of existing environ-
mental exposures. Such procedures
offer a possibility, as yet unproven,
for evaluating new materials and
technology whose health conse-
quences are not otherwise known.

2.3 Facilitate and support the pooling
and interpretation of appropriate
data among all Federal, State, and
academic institutions concerned with
environmental health phenomena.

2.4 Provide increased opportunities for
epidemiologists to use NCHS data
for studies of the environment and
health.

2.5 Improve timeliness and accessibility
of the annual national mortality
summaries so that rates by time, area,
age, race, sex, and other factors may
be quickly and easily provided. This
also applies to the 10 percent na-
tional monthly sample of deaths and
will allow unusual patterns to be
noted quickly by epidemiologists.

Provision by the NCHS of data in such
format, detail, and timeliness that epide-
miologic analysis can focus on environ-
mental health problems by such proce-
dures as

3.1 Identification of excesses in mortal-
ity and morbidity in occupational
groups.

3.2 Analysis of variation in morbidity
and mortality by age, race, sex,
economic status, time of year, and
geographic area in order to detect or
obtain evidence pointing toward en-
vironmental effects.

3.3 Detection of disease or impairment
gradients which may be related to
community air quality, including
sulfur oxides and particulate matter,
photochemical oxidants, and pollu-
tants emitted from mines, mills, or
smelters. ‘

3.4 Analysis of daily mortality in re-
lation to environmental factors

within and between selected metro-
politan areas.

3.5 Detection of disease or impairment
which may be related to water qual-
ity including the presence of organic
compounds,  “hardness,” heavy
metals, and viral and other microbial
agents.

3.6 Early identification of rare types of
mortality and morbidity associated
with environmental exposures.

3.7 Identification, in association with
occupational exposures, of disease or
impairment which may also be oc-
curring as a result of community
exposure.

Obtain data from the 1980 census on
occupational and environmental expo-
sures with the following objectives:

4.1 To obtain occupational mortality
rates by cause, adjusted (or specific)
by age, race, and sex.

4.2 To obtain income, education, or
other socioeconomic gradients by
cause, adjusted (or specific) by age,
race, and sex.

4.3 To obtain differential mortality rates
by cause in locations with con-
trasting levels of air or water pollu-
tion or of urbanization, using age,
race, sex-adjusted (or specific) data.

4.4 To obtain by means of census or
health survey procedures, data on
differences by location in cigarette
smoking, alcohol and drug use, and
in dietary composition and motor
vehicle use, comparable in time and
location to data obtained in items
4.1-4.3 as just listed.

4.5 To obtain, at least on a pilot basis,
data on usual occupation and dura-
tion of residence in a given commu-
nity from the 1980 census for com-
parison with death certificate data.

Develop and standardize statistical and
data collection procedures relevant to
environmental exposures for application
to mortality data, data from the U.S.
Bureau of the Census, and data collected
by other government agencies. These



should be designed to permit compar-
isons with information from other coun-
tries, such as that from the United
Kingdom—Registrar General’s decennial
report.}

This effort will require a review of codes
and coding procedures, particularly with
respect to occupation, housing, and mi-
gration, for both the Center and the
1980 U.S. census.

Establish as ongoing activities of NCHS’s
Health Interview Survey (HIS) and
Health Examination Survey (HES) the
collection of data on environmental ex-
posures and morbidity or other environ-
mentally relevant effects including, but
not limited to:

6.1 Collection of water, food, or other
samples which reflect environmental
exposures in individual households.

6.2 Sampling of human tissues or excreta
to measure exposure to pollutants.
Measurements must be based on pop-
ulation samples from which results
can be extrapolated to defined pop-
ulations. For pollutants that are
stable in the body, estimation of the
body burden offers several advan-
tages over estimation of exposure
based on analysis of environmental
samples; these advantages include the
ability to estimate the effects of
multiple routes of exposure, more
valid estimation of dose, and the
opportunity to observe fluctuations
in body burden and to detect active
metabolites.

6.3 Analysis of data on physiological,
biochemical, or psychological reac-
tions which may be related to en-
vironmental exposures.

Increase efforts to determine what pro-
portion of morbidity is due to con-
ditions at the place of employment. The
experience in the California Health De-
partment and the survey results in
Oregon and Washington published by
NIOSH? provide examples of practical

and valid methods. The objectives would
include

7.1 Estimation of the extent and kinds
of occupational disease as a means
for its prevention and for equitable
attribution of its costs.

7.2 Delineation of problem areas reflect-
ing possible inadequacies of health
standards.

7.3 Provision of information from pilot
studies and from the Health Inter-
view Survey to be used in studies of
the prevention of occupational dis-
ease.

7.4 Initiation of studies of long-term
effects of carcinogenic, mutagenic,
and teratogenic agents in the work-
place.

Local health planning agencies should
use mortality statistics and hospital ad-
mission and discharge data, as well as
special surveys, to determine the amount
and type of environmentally related dis-
ease present in their locality, and trends
thereof. This should include

8.1 Use of comparative mortality data
by county. Such data are already
published by site for cancer® and are
to be published for other diseases.

8.2 Identification of environmental com-
ponents and the use of this informa-
tion for local health planning for the
following diseases: cancer of urinary
and respiratory tract, skin cancer,
lymphoma and leukemia, bronchitis,
asthma, emphysema, and other respi-
ratory conditions. In interpreting
data, the interaction between en-
vironmental exposures and smoking
must be considered.

8.3 Support by health service agencies
on the development of local data on
occupational injury and disease in
relation to industrial employment
and pollutant exposures.

8.4 Epidemiologic monitoring based on
such data to help evaluate local
achievements in  environmental
health.




TYPES OF STATISTICAL INFORMATION
AND ANALYSES CONSIDERED BY
PANEL OF CONSULTANTS

The panel first considered routinely col-
lected vital statistics, many of which are directly
applicable to determining the health effects of
environmental exposure since many specific
causes of death imply a relevant environmental
exposure. Included among these causes of death
are the specific occupationally related con-
ditions such as pneumoconioses and the specific
intoxications and accidents that are related to
environmental conditions.

Furthermore, many deaths and illnesses are
related to environmental exposures, for exam-
ple, those due to cancer, heart disease, and
respiratory conditions. The proportion of cancer
by site attributable to occupation and other
environmental conditions according to “sound
ctiological hypotheses” is discussed in more
detail later in this report (see subsection
“Cancer” under “Types of Disease and Impair-
ment to Which Environmental Contaminants
Contribute”). The tabulation presented there
based on an analysis by Higginson and Muir# of
the International Agency for Research on
Cancer, reflects worldwide data and may repre-
sent a substantial understatement of the local
effects of environmental conditions. Higginson
has also said that, compared to the lowest cancer
experience in a developed country, most other
areas show an excess which suggests that 80
percent of cancer has an environmental origin.

It is necessary that other data not now
included in the vital statistics system be utilized
in looking for effects of environmental expo-
sures. These include data on mortality among
social security recipients and data on disability
among social security groups. These data can be
classified by industry, location, and in the case
of disability, by occupation and cause of disabil-
ity. Other sources of data include the informa-
tion available through cancer registries and
through registries of other specific diseases or
agents, data obtained from various pension and
insurance systems, data obtained from the
Veterans Administration and from the military,
and morbidity data obtained from school health
and occupational health programs.

Potentially useful data, but in need of
evaluation are

Reports obtained in coroners’ offices from
large cities that might reflect short-term
fluctuations in mortality associated with
environmental changes. (See appendix IIIL.)

Data on the occurrence of occupational
injury and occupational disease. These may
be useful in epidemiologic monitoring. (See
also appendixes I and II.)

The panel next considered the need for more
adequate epidemiologic analysis of data which
are available from various sources. Such analysis
might detect differences among States, counties,
or communities within a large metropolitan area
in order to determine whether there are “hot
spots” in one or more locations that would
offer leads for a possible environmental cause.
Such data have been analyzed with respect to
cancer by a group at the National Cancer
Institute5:6 and the implications are now being
assessed by that Institute, the Environmental
Protection Agency, and others. In addition, the
intensive Jong-term study of statement of occu-
pation recorded on death certificates in the
State of Washington provides a useful form of
analysis.” The decennial reports of the Registrar
General’s Office in Great Britain! suggests ad-
ditional analyses which should be considered in
the United States. The objective of this type of
analysis is to define the need for environmental
exposure information applicable to environ-
mental control measures to reduce exposures as
well as the need for conducting prospective and
retrospective epidemiologic studies.

The third major type of work considered by
the panel involves the collection and interpreta-
tion of new data in which both environmental
exposure and health reactions are obtained for
defined populations or population cohorts.
These represent a more active application of
epidemiologic skills and staff to the problems of
determining health effects associated with en-
vironmental conditions. The panel strongly rec-
ommends that such work be systematically
undertaken using a variety of sources of health
statistical information.



ELABORATION OFYRECOMMENDATIONS

Recommendation 1:
National Death Index

Recommendation 1 supports a national
death index. This would provide information on
whether or not a given person has died in a
specified year in which death-registration area.
Such a registry would be of invaluable assistance
to environmental and other epidemiologists.

Recommendation 2:
Strengthened Epidemiologic
Capability of NCHS

The use of health statistics to determine the
health effects of environmental conditions is
fundamentally an epidemiologic problem, and
yet there is no epidemiologic unit in the
National Center for Health Statistics. The re-
sponsibilities of such a unit need not be limited
to environmental health problems. Accordingly,
the panel recommends that such a unit be
established and that it be charged to carry out
the epidemiologic analysis not only of data
obtained in the Center but also of data available
through other components of the Department of
Health, Education, and Welfare, such as the
Social Security Administration, and through
other branches of government and of industry.
Responsibility for such a program is authorized by
the Federal legislation empowering the Center
and the U.S. National Committee on Vital and
Health Statistics to collect and analyze statistics
on the determinants of health.

In addition NCHS should take an active role
in bringing together the various organizations
and agencies which can provide relevant data on
a national or local basis and promote the use of
comparable geographic and population bases for
data on environmental exposures. Such efforts
have been greatly needed and it is a natural
function for the Center to carry them out.

There should be a provision for epidemiologic
studies and monitoring to be carried out within
the Federal Government by persons on short- or
medium-term assignment. Such assignments
could come from personnel in other Federal
agencies, from State or local governments
through the Intergovernmental Personnel Ex-

change Act of 1971, or from international
assignments. Thus, we recommend that the
epidemiologic unit provide opportunities for
epidemiologists to work on any aspect of the
Federal health statistical system, and we further
recommend that the unit provide service for
epidemiologists who are working elsewhere on
environmental problems.

Recommendation 3:
Provision of Data by NCHS

The charge to the panel provides guidelines
to specify the sorts of data which are likely to
indicate environmental contributions.

The certificate of death generally includes
information on occupation, but such informa-
tion is not being systematically utilized. The
experience in the States of QCalifornia and
Washington and in Great Britain demonstrates
that occupational analysis is worthwhile and the
panel recommends (recommendation 3.1) that
such analyses be made available. At the panel’s
request, the staff of NCHS prepared a review of
a 0.167-percent systematic sample of the death
records for 1 year and found that there were
usable occupational statements in 90 percent of
male deaths in the age group 20-44, 86 percent
in the age group 45-64, and 73 percent in those
65 and over.

The variation in morbidity and mortality by
time and by location indicates the likelihood,
but does not prove the existence of, an environ-
mental effect. It is therefore important to detect
unfavorable locations and trends to see whether
there are associated environmental changes. This
effort might be incorporated into a more active
epidemiologic monitoring program (recommen-
dation 3.2).

There is no doubt that community air
pollution exposures can result in aggravation of
bronchitis, emphysema, and asthma. Morbidity
and mortality from these diseases also are
strongly associated with cigarette smoking. An
excess of mortality from these causes has been
reported in urban areas, but morbidity data
from the National Health Interview Survey fail
to show an urban excess. These data have not
been analyzed with regard to probable air
pollution exposure. This should be undertaken
(recommendation 3.3). These analyses should




include fluctuations in daily mortality (recom-
mendation 3.4). Experience has been that anal-
ysis of daily mortality requires a population base
of about a million persons. (See “Daily Mor-
tality Data” in appendix II1.)

A pilot study is presently being supported in
the National Health Examination Survey to
determine the possible role of water hardness in
relation to cardiovascular disease. The panel
believes that studies relating water constituents
to disease have been undersupported and should
be augmented (recommendation 3.5).

The recent detection of angiosarcoma of the
liver in persons exposed to vinylchloride has
focused attention on the need for detecting rare
types of disease that may specifically relate to
certain types of exposure. A similar situation oc-
curred with the relationship of mesothelioma to
exposures to asbestos, either in the workplace or
in the community. Nevertheless, the present vital
statistics system is not efficient in detecting rare
disease that have a peculiar clustering or that
have a substantial increase. It is necessary, there-
fore, to evaluate the sensitivity of the health sta-
tistics system with respect -to detecting un-
common diseases and causes of death (recom-
mendation 3.6).

Recent studies of cancer by area show that
high lung cancer rates occur in both men and
women in counties with nonferrous metal
smelters—evidence of communitywide effects of
industrial pollutants.6 Other examples occur
with respect to lead, cadmium, and asbestos.
Thus industrial health effects may imply pos-
sibly communitywide effects and should be
evaluated (recommendation 3.7).

Recommendation 4:
Use of Data From 1980 Census

The British Registrar General’s Office has
analyzed occupational-social class gradients in
mortality every 10 years, not only for men but
also for women by their husbands’ occupation
and social class. We believe that the United
States has been remiss in not performing similar
studies. We recommend that a carefully planned
occupational and environmental analysis be
done for the next 3-year pericensal period
(1979-81). The guidelines for such studies could

be developed following the review of the anal-
ysis of occupation done in this country in 1950,8
and by reference to the most recent report of
the British Registrar General’s Office,! which
dealt with the 1961 British census data. We
believe that this should represent an interna-
tional collaborative effort, but that the plans
should include studies on drug use, smoking, and
alcohol use, as well as studies involving environ-
mental exposure estimations. In preparation for
this effort, it is necessary to review the classifica-
tion, coding, and tabulation procedures cur-
rently in use to ensure that they are suitable for
comparative studies over time within the United
States as well as between different countries.

Recommendation 5:
Standardizing Data Collection

Comparability between census and vital sta-
tistics procedures has been a problem in many
studies of environmental factors and their in-
fluence on health. A common and well-
standardized set of procedures for obtaining,
recording, and coding occupation, industry, and
materials to which people are exposed can
increase such comparability and improve the
cost-effectiveness of the collection of health
data and environmental exposure data.

The work will involve development of com-
patible information and coding practices with, at
least, the Census Bureau, dealing with housing
and migration as well as industry, occupation,
and migration. (See also ‘“Health Effects and
Occupational Exposures” near end of text.)
Standardization to tobacco smoking histories
would also be desirable. The work could be done
by task groups and should be pretested early
enough to be used in the 1980 census. The
experience of NCHS with coding and tabulating
data on illness, disability, and death will serve to
further standardize these other variables.

Recommendation 6:
Data Collection by HIS and HES

The National Center for Health Statistics has
not used the Health Interview Survey and Health
Examination Survey with maximum effective-
ness to relate environmental exposures and their
effects. The panel, therefore, believes that there



should be systematic effort to obtain relevant
data to establish a more adequate monitoring of
environmental health effects. Such an activity
could extend to the collection of data on water
use and water quality as supplied in the house-
hold, food consumption practices, the use of
household agents such as pesticides, and mate-
rials that present an accident hazard, such as
firearms or flammables.

In addition, the Health Examination Survey
could be used for the collection of physiologic,
biochemical, and psychological information that
may be relevant to environmental exposures.
The surveys have been a major source of data on
smoking practices, but the data need to be
supplemented so that population distributions
of smoking can be obtained by State and by
occupation and socioeconomic status. The in-
creased sample size necessary for this purpose
can easily be justified.

Sampling principles must be established for
estimating exposure to pollutants within large
and defined population groups. Although some
work of this sort has already been done by the
EPA, a coordinated program is needed and the
involvement of the Center in interpreting the
studies is important. Such measurements will
add a physicochemical dimension to evaluation
of exposure and may provide early evidence of
possible disease or impairment.

Recommendation 7:
Morbidity and Place of Employment

No national occupational morbidity report-
ing system exists in the United States. Ongoing
programs in the State of California have been
only marginally supported (see appendix I).
Nevertheless, they have yielded much informa-
tion of value for the early detection of occupa-
tional hazards.® Some data are also compiled by
the Bureau of Labor Statistics of the Depart-

ment of Labor. The recent pilot study in the
States of Oregon and Washington indicates that a
high proportion of chronic conditions among
working-age adults may be related to conditions
of employment.2 A systematic effort is needed
to extend these programs and to define the true
dimensions of the environmental burden of
disease and impairment. Such a program can
provide early clues for predicting community
hazards and thus help prevent them. The
strengthened occupational disease reporting sys-
tem should be funded for limited followup
studies and for an ongoing monitoring operation
that reflects the major types of industrial and
occupational hazards in the country.10

Recommendation 8:
HSA'’s and Environmental Health

Local health service agencies (HSA’s) should
consider environmental health problems and
activities. Some guidelines are proposed in rec-
ommendation 8. The National Center provides
data on mortality by county, but additional
effort will be required to comply with Federal
Regulation 122.107 (c) (Federal Register 41
#60 p. 12828, March 26, 1976) which states in
part that: “The agency shall assemble and
analyze data concerning... the environmental
and occupational exposure factors affecting
immediate and long term health conditions.”

The purpose of this report as a whole is to
facilitate compliance with this requirement, but
from time to time data on diseases and environ-
mental exposures conditions should be com-
piled, reviewed, and discussed. The role environ-
mental factors play in cancer, heart disease, and
developmental abnormalities is presented later in
the report as a means of supporting activities
that abet compliance with the Federal regulation
(see “Types of Disease and Impairment to which
Environmental Contaminants Contribute.”)

MAJOR ENVIRONMENTAL CONTAMINANTS KNOWN
OR SUSPECTED TO HAVE SIGNIFICANT EFFECTS ON HEALTH

A considerable number of environmental
agents are thought to affect human health
significantly given appropriate circumstances.
These agents, and their related effects, are

shown in table 1; the effects are classified as
“definite” or “possible.” “Appropriate circum-
stances’” may consist of characteristics of the
exposed population, such as preexisting disease;




characteristics of the agent, such as concentra-
tion; or other characteristics of the specific
exposure, such as the presence of other agents.
By no means does each exposure produce the
effects described, nor have some of the “pos-
sible” effects been definitely established. Fur-
thermore, no attempt has been made to quantify
the relationships. Further information about the
effects of the specific agents described can be
found in the World Health Organization mon-
ograph “Health Hazards of the Human Environ-
ment.”11

Quantitative estimates for many of the more
important effects have been established by
documents designated as criteria reports. Air
quality criteria reports for community exposures
are available for such pollutants as sulfur ox-
ides,!2 particulate matter,!3 ozone,!% carbon

monoxide,!5 nitrogen dioxide,!6 and hydro-
carbons.)7 Some examples of the air quality
standards based on the criteria described in these
reports are given in table 2.18 Criteria reports
for occupational exposures are being prepared
by consultants to the National Institute for
Occupational Safety and Health (NIOSH). Dates
of completion of criteria reportsl? for some of
the substances are given in table 3.

Estimates of the numbers of persons at risk
because of occupational exposure to certain
agents are also shown in table 3. These were
prepared by NIOSH, which has also established a
“severity rating” of the health effects based on
the judgment of a panel. These evaluations of
the health impact of the agents are used to
determine priorities for preparing and issuing
criteria documents and for conducting research.

TYPES OF DISEASE AND IMPAIRMENT TO WHICH
ENVIRONMENTAL CONTAMINANTS CONTRIBUTE

Selected disease categories on which environ-
mental exposures have an impact are the subject
considered now. Not all diseases and organ
systems afflicted by environmental contam-
inants are included here, and their omission
should not be interpreted as implying no en-
vironmental effect.

CANCER

A table showing estimates of the percent of
cancers at selected sites for which there are
“sound etiological hypotheses’ was published in
1973 by Higginson and Muir# (table 4). In view
of reports since 1973, these estimates should be
considered conservative.

Proportions of cancer attributed to occupa-
tional or other environmental factors will be
higher among adult males than in the total
population because a higher proportion of males
are employed in industry. In addition, the
overall age-adjusted incidence rate (excluding
nonmelanotic skin cancer) for males is higher,
estimated at 346.8 per 100,000 in the Third
National Cancer Survey2? compared with 270.2
for females.

For more than half the cancers observed in
the Third National Cancer Survey, an external
causative agent is suspected on the basis of
“sound etiological hypotheses,” About 5 percent
of all cancers are believed to be related to
occupation. Since occupational exposure to car-
cinogens occurs mainly in males, the implication
is that about 10 percent of male cancers are
related to occupation. These are conservative
estimates based on available direct evidence. In
addition, indirect evidence from population mi-
gration data suggests that environmental factors
are not yet identified for cancer of stomach,
colon, rectum, lung, and breast. Geographic
variation is marked for cancer of the cervix,
liver, bladder, and esophagus;2! and environ-
mental factors are being sought for these sites as

well.
In its publication ‘“Cancer Rates and

Risks’’22 the National Cancer Institute has
shown that the occurrence of cancer varies with
socioeconomic status, cigarette smoking, diet,
alcohol, radiation, and occupation.

Socioeconomic Status

The association with low socioeconomic
status is generally quite marked for cancer of the



cervix, esophagus, and stomach, but smaller and
in the opposite direction for cancer of the
female breast. The lowest socioeconomic group
has the highest incidence for cancers of the
buccal cavity and respiratory system.

The relationships between cancer risk and
socioeconomic status are not fully understood,
but differences in general way of life, quality of
medical care, and degree of exposure to carcino-
genic materials in the environment may be
contributing factors.

Smoking

No one now seriously disputes that lung
cancer deaths occur much more frequently
among cigarette smokers than among non-
smokers, and recent research has been directed
toward elucidating the meaning of this correla-
tion.23 Epidemiologic studies show that cig-
arette smokers as well as pipe and cigar smokers
have a significantly higher risk of developing
laryngeal cancer than nonsmokers do, and that
smoking contributes to the development of
cancer of the oral cavity, esophagus, and lip. A
significant association has also been shown
between cigarette smoking and cancer of the
urinary bladder.

Certain occupational exposures have been
found to be associated with an increased risk of
dying from lung cancer. Cigarette smoking ap-
pears to interact with some of these exposures
to produce much higher lung cancer death rates
than those which occur among nonsmokers with
similar occupational exposures.

Diet and Alcohol

Observations on human populations have so
far uncovered relatively few forms of cancer that
can be linked with food intake.2% The high
incidence of cancer of the oropharynx and
esophagus among residents of the far north of
Sweden and Finland may be related to multiple
dietary deficiencies. Iodine deficiency may be
related to development of cancer of the thyroid.
Undernourishment or malnourishment can con-
tribute to the high frequency of cirrhosis of the
liver and the later appearance of liver cancer
among some groups of African Negroes, Chinese,
Japanese, and others. Aflatoxin, a liver carcin-
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ogen, has been identified as a contaminant of
nuts and other foodstuffs in areas of high liver
cancer incidence.

Geographic differences have suggested a rela-
tionship between the highly refined Western diet

~ rich in starches and deficient in bulk with the

elevated risks for bowel cancer in North America
and Western Europe.

Cancers of the stomach and large bowel
among the Japanese in Hawaii are being studied
using migrant groups who experienced different
lengths of exposure to their countries of origin.
From studies of Japanese migrant groups, stom-
ach cancer has been associated with consump-
tion of foods preserved or pickled in salt; large
bowel cancer has been similarly associated with
the consumption of beef. The study of
Scandinavian immigrants to the United States?5
has led to a suggestion that inadequate intake of
fruit and vegetables could be related to high
stomach cancer rates.

The association between excessive alcohol
consumption and cancers of the buccal cavity,
pharynx, larynx, and esophagus is now well
established.

Radiation

There is clear evidence that radiation can
cause cancer in human beings.26 Although at
present the number of tumors induced by
artificial radiation constitutes only a very tiny
fraction of all human cancer, the hazard po-
tential will increase because of increasing use of
radioactive substances in industry and medicine.
Only monitoring and control activities can min-
imize this hazard.

Further investigations are needed to measure
with greater precision the frequency of
radiation-induced malignancies and to determine
the relation between radiation dose, latent pe-
riod, and cancer incidence rates.

Occupation

Even before the advent of the modern
industrial era, an association between occupa-
tion and the occurrence of cancer was recog-
nized. However, immense growth of modern
industry has brought with it an increasing
number and diversity of carcinogenic substances,




many of which are associated with particular
occupations or industries. Some of the known
occupational cancers are listed in table 5.22

Mortality statistics of broad occupational
groups provide additional leads (table 6).22
More detailed tables show that miners, laborers,
and transportation workers have an increased
risk of cancer, and that men in agricultural
pursuits (nearly all of whom live in rural areas)
have comparatively low mortality rates for all
cancer sites except skin.® These findings are
confirmed by similar data collected in England
and Wales.!

The combination of a long latent period
between exposure and the development of
cancer, changes in exposure with time, incom-
plete diagnosis of some types of tumor, errors in
reporting occupation in censuses and on death
certificates, effects attributable to nonoccupa-
tional agents, and other factors make it difficult
to detect small increases in cancer risk in specific
occupation groups.

NONMALIGNANT RESPIRATORY
CONDITIONS

Most of the same environmental exposures
that contribute to excess rates of respiratory
cancer also contribute to elevated rates of
morbidity and wmortality for bronchitis and
pulmonary emphysema and, to a lesser extent,
asthma. These three conditions, often collec-
tively designated as “‘chronic obstructive pulmo-

nary disease,” are found much more frequently
among smokers than among nonsmokers,23 have
higher mortality among low income urban pop-
ulations compared with upper income or rural
residents, and show a predilection for individuals
working in certain occupations.” Fatal asthma is
twice as common among other races as among
the white race. Fatal tuberculosis is three times
as common. Emphysema and lung cancer are
five times as common in males as in females.
While the prevalence and incidence of chronic
interstitial pneumonia is more than three times
that of active tuberculosis, the fatality rate is
substantially less. Some of these patterns are
shown in the morbidity data in tables 7 and 8
and in the mortality data in table A.27,28

Mortality data by occupation for both malig-
nant and nonmalignant chronic respiratory dis-
ease are shown for certain occupational groups
in table B.% Some parallelism is noted between
malignant and nonmalignant respiratory diseases
with respect to occupational distribution. For
certain occupations, mortality is increased both
for malignant and nonmalignant respiratory dis-
ease in men aged 20-64.

Six prospective studies and one retrospective
study of the relative contribution that smoking
makes to mortality from chronic obstructive
bronchopulmonary disease permits the inference
that approximately 90 percent of chronic ob-
structive pulmonary disease is assoéiated with
cigarette smoking.23 A further contribution is
made by variables associated with economic
status and exposure to pollution.

Table A. Mortality rates for respiratory conditions associated with environmental exposures, by color and sex: United States, 1968

Total White Other
Condition [
Both Fe- Fe- Fe-
sexes—l Male maie Male male Male male
Rate per 100,000

Chronic bronchitis ...... s er ettty 27 43 1.2 46 13 2.0 0.5
Emphysema . o v v in i ittt ittt i e et r et 121 |} 209 3.7 || 22.6 4.0 9.1 15
Asthma......... Vet et e e et i e e e P h e h e 1.3 1.3 14 1.1 1.2 28 238
PreumoOCONiOSiS « v v v vttt it a et e n e et e e e 08 1.6 0 1.8 0 0.5 0
Chronic interstitial pneumonia . ... .. vttt ittt 1.7 23 1.2 24 1.2 1.7 0.7
Malignant disease of respiratory system . . . .. i v vt et s tenn oo nen 318 || 635 | 11.1 || 54.7 | 114 | 443 84

SOURCE: National Center for Health Statistics: Vital Statistics of the United States, 1968, Vol. II, Part A. DHEW Pub. No. (HSM)
72-1101. Health Services and Mental Health Administration, Washington. U.S. Government Printing Office, 1972.
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Table B shows selected examples of such
occupations. Since bronchitis and asthma are
often associated with environmental exposure,
but are at least potentially reversible, they
provide a waming of the possibility of other
diseases related to such exposures and thus point
the way to preventing later irreversible effects
such as lung cancer. On the other hand, both
groups of diseases are strongly associated with
cigarette smoking, and such occupations may
include a large proportion of smokers. The data
shown in table B are more than 25 years old and
may be reflecting occupational exposures oc-
curring considerably farther back. Recent data
are badly needed for study of the relationship
between occupation and chronic disease of the
lungs and other organs.

Overall mortality from chronic lung diseases
has risen sharply during the period since 1950,
probably reflecting the interaction of smoking,
occupational changes, and increased air pollu-
tion. Since 1968, however, this rate has leveled
off.

These trends are difficult to interpret since
1968 because of the increase in certification to
“chronic obstructive lung” (or pulmonary) dis-
ease. These certifications are assumed to rep-

resent deaths that previously had been coded to
emphysema with bronchitis, or bronchitis with
emphysema. A new code, 519.3, was finally
introduced in 1971, but even when deaths
attributed to this code are added to emphysema
mortality, the rates are not increasing as much as
they did prior to 1968. Deaths allocated to this
code combined with deaths allocated to the
codes for emphysema and chronic bronchitis are
shown in figure 1. Although overall mortality is
still increasing from this group, between 1969
and 1973 the high rates for persons aged 65-85
years are accompanied by a decrease in the
age-specific rates for men under 55. The change
in pattern of mortality from chronic conditions
among young people may be predictive of what
will occur on a larger scale among the whole
population. For example, the decrease in mortal-
ity from chronic nonmalignant respiratory dis-
eases among young men may reflect a decreased
influence of cigarette smoking and possibly a
change in working conditions. A similar decrease
in lung cancer mortality in young men in Great
Britain has now extended to older men.2°
Among women, however, the upward trend
continues at all ages, although the rates are not
as high. Women have increased their use of

Table B. Observed numbers of deaths and standardized mortality ratios (SMR) for selected occupational groups exhibiting excess
mortality from malignant and nonmalignant respiratory disease for males aged 20-64 years: United States, 1950

Mortality from .
malignant neo- Nonrrfallgnant
plasms of respiratory
Occupational group trachea, d‘se?“ other
bronchus, and than mfluenz?
lung and pneumonia
Deaths { SMR Deaths | SMR
BarDES, BEC. « v 4 vt v et e e e e e e e e e g5 | 1151 20| 126
Cooks, except private household . . .. v v vttt it et it iie et e 91| 1165 41 | 195
Machinists and JOD SETEIS « - « v v v v e et et et e e et oe e an s sae e e eneennas 190 | 1138 66| 125
MOIders, Metal .+ .o v vt tis e ete st iie et iiae e e . 34 | 1227 30 | 1500
Painters (construction), paperhangers, and glaziers . .......... o iieiinnnnnvsunnnnnn 212 | Y167 64 | 2133
Taxicab drivers and chauffeurs . . .. ... .ttt ittt ittt it it it nr e ennns 77 | 1188 36 | 1225
Laborers, wood products, B1C. . . . vt v v vt ittt it ettt ettt e 414 | 1438 20 154
Laborers, primary metal industries . . . . .. v i i vt ittt i ia it et e 82| 167 49 | l2s3
Laborers, transportation eqUipPmMENnt . . . . vt ittt it it it in et et e e 30| 1200 26 | 1433
Operatives, etc., primary metal iNdUSLEIES .« v v v vt vt vt e it e s et enennneennonnasns 77| 145 41 | li95

1sMR significantly above 100 at p < .01.
2SMR significantly above 100 at p < .05.

SOURCE: National Office of Vital Statistics: Mortality by occupation and cause of death among men 20-64 years of age: United
States, 1950, by L. Guralnick. Vital Statistics—Special Reports, Vol. 53, No. 3. Public Health Service. Washington, D.C., Sept. 1963.
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Figure 1. Age-specific mortality for white males from emphy-
sema, bronchitis, asthma, and obstructive lung disease:
United States, 1969 and 1973

cigarettes in many age groups, but the propor-
tion of men who smoke has declined in every
age group.39

CARDIOVASCULAR CONDITIONS

The epidemiologic understanding of the
determinants of adult-acquired, noninfectious
heart disease, particularly coronary heart disease
(CHD), is probably as advanced as that for any
chronic disease. The list of identified personal
risk factors is long and includes personal habits
such as diet and cigarette smoking that interact
with the environment, as well as blood pressure,
serum cholesterol, blood glucose, uric acid, body
mass, sedentariness, and personality type. In
spite of successes in understanding and pre-
dicting CHD in populations, no more than
perhaps 50 percent of cases are explained by the
established risk factors.31

Carbon Monoxide

There is convincing clinical experimental
evidence that exposure to carbon monoxide
(CGO) and raised carboxyhemoglobin (COHb)
levels exacerbate symptoms of angina, and there
is laboratory evidence of myocardial ischemia
with reduced exercise tolerance.32 Increased
case fatality rates associated with increased
COHb suggest that the prognosis of acute my-
ocardial infarct is affected by exposure to CO.
Some laboratory evidence implicates chronic CO
exposure as a possible atherogenic agent. This
has yet to be demonstrated in man by epidemi-
ologic evidence.

Meteorological and Seasonal Influences

Strong statistical associations exist between
season, yearly temperature changes, and mortal-
ity attributed to CHD. In temperate climates,
deaths increase in winter and decrease in
summer. No doubt infectious agents are a
contributor. Coincident changes have been re-
ported in serum cholesterol. Whether this is a
direct effect of temperature or secondary to
changes in diet, exercise, or other environmental
factors is not clear. Increases occur in daily
mortality in association with marked changes in
temperature and humidity.33

Water Hardness

There is a large and controversial literature
on the inverse relationship between water hard-
ness and cardiovascular disease (CVD).34 Recent
reviews have given attention to:

Statistical associations.

Possible mechanisms by which trace metals
may cause increased susceptibility to sudden
deaths from arrythmia.

Natural experiments, i.e., the experience of
selected geographic areas with respect to
CVD mortality before and after changing
water quality.

Social Environment

A large body of evidence suggests that the
transition of a society from rural, agrarian to an
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urbanized, industrialized economy is accom-
panied by a rise in CHD. We do not know how
much of this can be attributed to increases in
the risk factors just identified, how much to
changes in personal habits, how much to social
and psychologic stress, and how much to un-
identified agents in the physicochemical environ-
ment.

Industrial-Occupational Agents

One industrial agent, carbon disulfide (CS,),
is associated with CHD in epidemiologic studies.
There is also some supporting clinical and
laboratory evidence suggesting a mode of action
through production of hypercholesterolemia.
The evidence is far from conclusive or even
convincing; however, it does suggest a systematic
search for occupational groups with experience
analagous to that of viscose rayon workers’
excess of CHD and exposure to CS,.

One additional agent, freon, is a possible
provocatant of arrhythmia in occupationally
exposed pathologists and in laboratory animals.

DEVELOPMENTAL ABNORMALITIES

Pregnancy Outcome

We are presently limited in our ability to
describe or understand possible effects of a
multitude of chemicals and other environmental
factors, either independently or through inter-
actions, on the outcome of human pregnancies.
However, inability to perceive ill effects gives no
assurance that they are not occurring. Several of
the reproductive processes are known to be
affected by exposure to toxic substances.

The maternal organism.—During pregnancy
the maternal organism is more vulnerable.
Detoxification mechanisms are altered and
changes in protein, carbohydrate, and lipid
metabolism occur which may affect the impact
of environmental agents on pregnancy duration
and outcome. We do not know what initiates
spontaneous labor but we do recognize a group
of substances that can stimulate or retard the
progress of labor, and it is conceivable that
substances with similar action might exist among
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the large number of chemicals in the environ-
ment.

Embryonic development.—The developing
product of conception within the first 8 weeks
has a high and variable susceptibility to environ-
mental influences. This is the time when a great
majority of teratological effects are induced and
the conditions of exposure and types of agents
are of particular concern in relation to structural
defects.

Fetal development.—From eight weeks after
conception to birth, the fetus, generally con-
sidered less vulnerable than the embryo, is
subject to adverse influences likely to lead to
physical growth retardation and postnatal func-
tional abnormalities. In experimental rodent
species, transplacental carcinogens are most
active during the latter half of gestation.

Infant development.—The infant may be
unusually susceptible to chemicals in a variety of
ways; for example, its immature metabolic
system may be unable to cope with foreign
substances or even with an excess of endogenous
substances.

Lactation.—Certain substances can decrease
the quantity of milk and alter its quality; others
may be excreted in the milk, rendering it
unpalatable to the infant; and still others may be
excreted in the milk that can have direct toxic
effects on the infant.

Postnatal function of the child.—Since
certain developmental processes are not com-
plete until after birth—e.g., physical growth, and
structural and physiologic maturation of the
central nervous system and some endocrine
glands—it is to be expected that environmental
contaminants may detrimentally influence these
postnatal developments. Aside from observa-
tions on postnatal survival and growth rates,
little has been done in the way of experimental
studies on postnatal functional alterations in-
duced by environmental chemicals. An ex-
ception 1is the increasing concern about behav-
ioral changes that may be induced either by
prenatal exposure to substances for which the
pregnant mother is the intermediary or by direct
exposure of the immature child.

The latter aspects of the reproductive proc-
ess have received more attention than the earlier
ones, for which there are no human data.




Teratogens

The cause of deviations occurring during
prenatal development that are not ‘“normal
variants’’—i.e., not compatible with “normal”
function in the offspring, and in which genetic
control is diverted from its normal course by
additional factors—is a field of study that
requires urgent attention. Postconception events
connected with environmental factors, partic-
ularly chemical exposures, need emphasis. Di-
version from normal embryonic and fetal devel-
opment may take several forms. At the extreme,
development may cease altogether and the con-
ceptus dies. In less extreme form there may be
retardation of intrauterine growth and devel-
opment for some stage in gestation. Gross
structural or functional anomalies may accom-
pany this phenomenon.

Over 80 percent of known clinical congenital
malformations and spontaneous abortions are
estimated to be of unknown etiology. Roughly
12 percent can be traced to genetic factors, with
a few percent more to known “environmental
insults.”35 By contrast, it can be shown in the
laboratory that a very broad range of chemical
agents can produce, under the proper con-
ditions, some type of serious developmental
deviation. Thus, substances already found to be
embryopathic in animals range from highly toxic
substances such as anti-tumor drugs to common-
place consumer items such as aspirin. '

Despite laboratory data indicating terato-
genic potential for a wide variety of environ-
mental factors in animals, only a few have been
proved or are strongly suspected to be embry-
opathic in man. The requisite epidemiologic
studies are lacking.

Those chemical factors known to be embry-
opathic in man include:

Methylmercury
Aminopterin

Thalidomide

Iodine deficiency (cretinism)

Steroid hormones with androgenic activity
Carbon monoxide (hypoxia)

Those factors strongly suspected of affecting
human prenatal development include:

Cortisone
Vitamin A deficiency

Diethylstilbestrol

It has been difficult to obtain valid health
statistics reflecting prenatal health impacts. Data
on spontaneous abortion and the abnormalities
associated with abortion or other abnormal
pregnancy outcomes in selected groups will be
of great help. Among groups of special interest
would be those in which either parent had a
well-characterized occupational exposure.

Somatic Effects

Alterations in the reproductive processes by
exposure to certain environmental chemicals and
the unique effects of mutagens and especially
teratogens on the maternal-fetal biological unit
describe only the earliest aspect of developmen-
tal abnormalities. Data relevant to toxic effects
during reproduction are limited, compared with
the potential for data on impairment due to
somatic effects in the postnatal years. These
effects can be observed either relatively soon
after individual exposure or after periods ranging
from a few months to several years.,

Improper and insufficient nutrition still con-
tributes to disease, disability, and death in a
great proportion of the world’s population. The
high frequency of malnutrition as soon as breast
milk no longer serves as the sole source of food
combined synergistically with infections to
which this vulnerable age group is heavily ex-
posed makes infant mortality and developmen-
tal abnormalities an important field for study.

In connection with dietary intake and en-
vironmental factors, the special vulnerability of
infants to methemoglobinemia should be
studied. Ingestion of nitrates or nitrites with
drinking water has been shown in infants 30-60
days old to be related to elevated methemo-
globin levels.36

Technological and social developments have
multiplied the hazards to which populations,
especially in urban areas, are exposed.37 Of
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particular significance are the harmful effects of
chemicals on the central nervous system, whose
developmental process is not completed until
after birth. There is thus a critical period of
vulnerability during postnatal life and infancy.
In these stages of cerebral maturation, many
chemical compounds in common industrial use
can produce serious and irreversible damage. For
example, lead poisoning in children can produce
irreparable brain damage with permanent mental
retardation. A high degree of environmental
exposure often occurs in children in industrial-
ized areas, and direct ingestion of lead pigment
paints is also a major source of exposure.38
Peroneal nerve conduction velocity has been
shown to diminish with increasing blood lead
levels in children living in the vicinity of a
smelter.39

Studies of the effects on mortality and
morbidity of chronic exposures to air pollutants
strongly suggest that long-term exposure of
infants and children to air pollution can impair
respiratory health. Aggravation of chronic bron-
chitis, asthma, and pulmonary emphysema have
all been considered in association with com-
munity air pollution. There is evidence that
bronchitis can be caused by air pollution ex-
posures over many years.*0-42

To minimize the obvious importance of
smoking, occupation, and previous medical his-
tory on studies of respiratory mortality and
morbidity, a number of epidemiologic studies on
school children have been carried out. The
results of such studies indicate an increase in
respiratory illness in children who reside in areas
of high pollution, as compared with areas of low
pollution.#3-45 It has been suggested that such
increased rates of illness cause higher rates of
chronic pulmonary disease in this population in
later life.

DISEASE RELATED TO INGESTED WATER
POLLUTANTS OR CONSTITUENTS

Waterborne Diseases

During the period 1961-70, 130 waterborne
disease outbreaks occurred in the United
States.4#6 Waterborne disease outbreaks are no
longer on the decline in the United States as
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indicated in table C.46,47 The number of cases
per outbreak is indicated in table D#6.47 and
the types of illnesses observed are listed in table
E. Two agents never before associated with
documented waterborne outbreaks in the United
States appeared during the 1961-70 period:
enteropathogenic Escherichia coli (EEC), asso-
ciated with adult disease, and Giardia lamblia.
The deaths reported over a 25-year period were
associated with chemical poisoning, typhoid
shigellosis, amebiasis, enteropathogenic E. coli,

Table C. Average annual number of waterborne disease
outbreaks, by type of system: United, States, 1938-70

Years All Public Private
systems || systems |systems
Number of outbreaks

1971741 ... ... ... 25 221 4
1966-70 . .............. 14 4 10
196165 ........0v0vun. 11 3 8
1956-60 ......0ccinnrn.. 12 5 7
196165 . ... enn. 10 3 7
194650 ......... ... 23 6 17
193845 ............... 38 12 26

1Craun, G. F., et al.: Review of the causes of waterborne
disease outbreaks in the U.S.-1971-1974. J. Am. Water Works
Assgc. 68(8): 420-424, Aug. 1976.
Includes public and semipublic systems.

SOURCE: Craun, G. F., and McCabe, L. J.: Review of the
causes of waterborne disease outbreaks. J. Am. Water Works
Assoc. 65(1): 74-84, Jan. 1973.

Table D. Number of cases of waterborne disease per outbreak,
by type of system: United States, 1938-74

Years All Public [ Private
systems systems systems
lliness per outbreak

1971741 oLl 171 || 24,210 28
1966-70 ... ... i eannn 114 166 93
196165 ....ccvvvnnns 680 2,603 39
195660 ......00vvuenn 103 207 23
196155 .. ovieriinnnaan 125 333 33
194650 ........c000uu. 114 292 43
193845 . .........c.... 340 1,000 50

1Craun, G. F., et al.: Reviw of the causes of waterborne
disease outbreaks in the U.S.—1971-1974. J. Am. Water Works
Assoc. 68(8): 420-424, Aug. 1976.

2Includes public and semipublic systems.

SOURCE: Craun, G. F., and McCabe, L. J.: Review of the
causes of waterborne disease outbreaks. J. Am. Water Works
Assoc.. 65(1): 74-84, Jan. 1973.



Table E. Number of outbreaks and cases of waterborne disease, by type of system and iliness: United States, 1961-70

All systems Private systems | Public systems
lliness
Out- Out- Out-
breaks Cases breaks Cases breaks Cases
o< | 130 | 46,374 95 | 6,564 35 | 39,810
GastrOE N eI IS . i ittt it it ittt ittt e e 39 | 26,546 25 | 4,498 14 | 22,048
Infectious hepatitis .. . vvvveniinnrneenrenennennnanenenns 130 903 22 664 1g 239
Shigellosis v v v ittt it i i i e et it e 19 1,666 16 939 3 727
Typhoid .ot i e e e ettt 14 104 14 104
SAIMONEIIOSIS « vt v oo ettt ve e s ene et e 29 | 16,706 24 96 5 | 16,610
Chemical poisoning . .. .. .. ...ttt it ittt ennnnann 9 46 7 42 2 4
Enteropathogenic E.coli . .. ... .t i i e 4 188 4 188
LT T T 1IN 3 176 1 19 2 157
AMEbDIasiS . . v i e i e it i e e 3 39 2 14 1 25

1one gastroenteritis outbreak also included 7 cases of infectious hepatitis.

One gastroenteritis outbreak was preceded by outbreak of 38 cases of salmonellosis.

SOURCE: Craun, G. F., and McCabe, L. J.: Review of the causes of waterborne disease outbreaks. J. Am. Water Works Assoc. 65(1):

74-84, Jan. 1973.

salmonellosis, and infectious hepatitis. Figure 2
shows the relationship between typhoid fever
and infectious hepatitis cases and shows that
while typhoid fever generally decreased infec-
tious hepatitis increased.

One well-documented infectious hepatitis
outbreak involving 90 cases resulted from a
series of events including a cross-connection and
reduced pressure in the mains resulting from a
fire.48 Plants producing very clear water tend to
show low bacterial counts accompanied by low
incidence of viral disease.#9 Production of good
quality water should be measured by several
criteria, including filtered water turbidity, bac-
teria as indicated by plate counts and by
presumptive and confirmed coliform determina-
tions, and use of chlorination. Plants treating
polluted water achieved low virus rates in cities
where qualified operators produced a superior
product. The investigation of the efficiency of
water treatment processes for the removal of
poliovirus Type 3 showed that with proper
conditioning of the water, removals of over 99
percent were attained.59

Clustering of multiple sclerosis patients in
Mansfield, Massachusetts, suggested that the
etiologic agent was probably the water sup-
ply.51 It was hypothesized that exposure had
occurred when the patients were about 14 years
old, and the incubation period was estimated to
be about 23 years.

Fungi potentially pathogenic for man have

been isolated from sewage and polluted water,52
and thus may affect the health of sewag